classified into one of four categories (Centers for Disease Control and Prevention [CDC], 2004; Mulder, 1995) :
Until the late 1950s, approximately 95% of poliovirus infections resulted in a contagious, but otherwise asymptomatic illness, and occurred predominantly in infants and young children (CDC, 2004; Falconer & Bollenbach, 2000; Mulder, 1995) . For this reason, adults with PPS may offer a history of poliomyelitis in a family member, but deny illness themselves.
Abortive or minor polio was indistinguishable from other common viral infections, such as influenza or nonspecific upper respiratory or gastrointestinal tract illnesses. Symptoms typically resolved in less than 1 week, and consisted of fever,sore throat, cephalgia, nausea, vomiting, abdominal pain, constipation, and malaise. Though symptoms were mild, abortive infection did confer protective immunity (CDC, 2004; Mulder, 1995) .
Nonparalytic polio occurred I to 4 days after a mild viral illness with the onset of high fever, severe cephalgia, lethargy, irritability, generalized muscle pain, and joint stiffness. Symptoms lasted from 2 to 10 days, and then gradually disappeared (CDC, 2004; Mulder, 1995) . Even though individuals with nonparalytic poliomyelitis may deny lasting disability, research has shown neuronal damage in nonparalytic polio survivors that mimics that found in paralytic polio, although less severely (Falconer & Bollenbach, 2000) .
Approximately I% of polio infections were severe, with the virus invading local lymph tissues, regional lymphatics, and bloodstream, and spreading to the central nervous system. Axonal travel along nerve fibers allowed the virus to reach the anterior horn of the spinal cord or brain stem where replication resulted in neuronal loss and the classic clinical manifestations of polio. During acute infection, nerve cells were destroyed, temporarily incapacitated because of inflammation, or left undamaged. Recovery, which could take up to 2 years, was the result of a phenomenon termed "sprouting" and occurred when surrounding healthy neurons grew tiny sprouts from terminal nerve branches to re-innervate orphaned muscles (Khan, 2004; LeCompte, 1997; Saxon, 2001) . The extent of nerve damage required to produce paralysis varied depending on the nerves involved (Falconer & Bollenbach, 2000) . Any major muscle group might be affected, and the degree of involvement provided a method of clinically classifying polio.
The most common type of paralytic polio involved the spinal cord, and typically led to asymmetric paralysis. Two percent of individuals experienced injury to one or more of the cranial nerves and had a syndrome termed bulbar polio.The muscles of respirationand swallowing were most frequently involved (CDC, 2004; Chasens & Umlauf, 2000) .
In 19% of cases, individualshad bulbospinal poliomyelitis with both spinal and cranial nerve involvement (CDC, 2004) . Mortality from paralytic polio depended on the individual's age and degree of involvement. In the United States, mortality rates were approximately 5% for pediatric cases and 30% for adults. Bulbar polio was the most deadly form of paralytic polio with mortality rates approaching 75% irrespective of age (CDC, 2004) .
Those who experienced polio, and theirfamilies, wereoftentoldthedegree of recovery largely depended upon the amount of effort put toward rehabilitation, a process that could last months or years (Mulder, 1995) . Nearly all individuals with polio were placed in castsor splints during theiracuteillness. This oftenled to atrophy of affected and unaffected muscles, which ultimately complicated recovery for many polio victims and resulted in the deathof others (Mulder, 1995) . Amongchildren, recovery frompoliomeantsummers away from home and family for surgery to stabilize joints, lengthen or shorten extremities, transfer muscles, or improve circulation to affected limbs (Weinstein, 1948) . Throughout thesetreatments, polio survivors had to learn to cope with the misfortune of polio. A desire for complete recovery could drive them to heroic measures to prevent being perceived as disabled. Perhaps because of their age, the time in which they lived, or the number of individuals with palio, these individuals developed strong beliefs about their ability to overcome physical challenges. In theyearsfollowing acute illness, many achieved high levels of function, reporting no physical limitations of any kind. Adultpoliosurvivors have levels of academic, social, and vocational achievement thatexceed those of the general public (Bruno & Frick, 1987) . Occupational health nurses must develop an appreciation of the challenges these individuals overcame to develop comprehensive plans for the newchallenges brought on by PPS.
SCOPE, PATHOPHYSIOLOGY, AND MANIFESTATIONS
Although the use of clinical signs was a reasonable triage method during pastepidemics, ithasnotbeenbeneficial incounseling poliosurvivors abouttheir risk for PPS. Initially, only survivors of paralytic poliowerethought to be at risk for PPS, but recent research suggests all polio survivors are at risk (Halstead & Silver, 2000; Nee, Dambrosia, Bern, Eldridge, & Dalakas, 1995 Ciiilic3iRiiUnds:NPITri'i< establishing diagnostic criteria for PPS and estimating individual risk (Bruno, 2(00) . There are more than 1.8 million poliosurvivors in the United States (Bruno & Zimmerman, 2(00), and approximately 640,000 who suffered paralytic disease. Falconer and Bollenbach (2000) suggest all survivors of paralytic polio will develop PPS, and others warnas manyas 80% of individuals diagnosed withabortive or nonparalytic polioare at riskto develop PPS (Aston, 1992; Jubelt& Agre,2(00).
The pathophysiology of PPS is unknown. One frequently cited theory suggests that surviving motor neurons that innervate more muscle fibers than normal cannot maintain the increased metabolic demand. Years of activity causeterminal axonal sprouts to degenerateand,without otherhealthy neurons to innervate the muscles, lead to weakness (LeCompte, 1997) . Injury at the neuromuscular junction is thought to lead to nerve transmission defects, and eventually cause the severe muscular fatigue seen in PPS (March of Dimes Research Foundation, 2(00). Othersbelieve anacceleration oftheagingprocess results fromdamage by acutepoliovirus infection. The loss of motor axons and degeneration of neurons typically seen in aging are compounded with PPS, as fewer neurons were present initially (Bruno, 1991; Dinsmore, 1998) .
Unfortunately, no definitive testexists for PPS, and the diagnosis remains one of exclusion (Jubelt& Agre,2000; Saxon, 2001; Silver & Aiello, 2002; Thorsteinsson, 1997) . Occupational health nurses may be the first health careproviders consultedfornonspecific complaints of fatigue, loss of stamina, weakness, and pain. The development of new symptoms can be distressing for a polio survivor. Because the diagnosis of PPS is one of exclusion, and the symptoms of PPS are so common, establishing the etiology of symptoms can be difficult, expensive, and cause individuals to doubt the validity of their symptoms. It is vital, however, that all other potential causes for a client's symptoms be adequately addressed prior to diagnosing PPS.
Establishing a diagnosis of PPS in survivors of paralytic poliois less difficult than in those with a history of nonparalytic or bulbar polio. In all cases, however, a comprehensive history is vital in determining symptom etiology. Any history of polio, or polio in a childhood household member, warrants careful questioning related to the initial illness, residual problems, and current complaints. A detailed physical examination, within the occupational health nurse's scope of practice, can document the current symptomatology and functional status, and direct further evaluation. It is important to note that each of the common symptoms ofPPS affectsclient mobility and functional capacity.
COMMON SYMPTOMS ASSOCIATED WITH PPS AND INTERVENTION STRATEGIES

Fatigue
Fatigue is a common complaint in manydisorders and reported by 90% of individuals withPPS (Jubelt & Drucker, 1999) . Individuals with PPS may have peripheral or central fatigue, or a combination of both. Peripheral fatigue is an onset of diminished muscular endurance and musclefatigability. Calledthe "polio wall," this fatigue can be so severethatit prevents normal workactivities.Brunoand Frick(1987) found41% of individuals described an inability to perform typical work duties and 25% statedthey could no longertake care of their physical needs. A secondcategory is central fatigue, or a decrease in cognitive function, attention, and memory, with the development of somnolence (LeCompte, 1997; Thorsteinsson, 1997) . Central fatigue is a frequent occurrence, and 85% of individuals with PPS report "brain fatigue" (Bruno & Zimmerman, 2(00). Peripheral andcentral fatigue can be a problemduringthe workday, andprogressive fatigue during the workweek can occur. Individuals with PPS may spendan entireweekend in recovery beforereturning to work on Monday (Agee, Rodriquez, & Franke, 1998) . It shouldbe emphasized that individuals whoreportdaytime sleepiness, snoring, or morning headaches require evaluation for sleep disorders (Chasens & Umlauf, 2000; leCompte, 1997) .
A detailed clinical history assists occupational health nurses in establishing the etiology of fatigue. A list "'·::"\i"""""""":"Y:"~':,\",.'lfI"WIIoM'",,I"".:,\\\.',l~',i"·~~'f"·.';:",\\'""·..,·,,,:,~_.,:,,"~\·",""""'·.",'\\\',"iI/oW,C linical Rounds: NP link Khan (2004) ; LeCompte (1997); Saxon (2001) ; Silver &Aiello (2002) ; Thorsteinsson (1997) .
Note: CBC =Complete blood count; CMP =Comprehensive metabolic panel; TSH =Thyroid-stimulating hormone test; T 3 =Triiodothyronine; T 4 = Thyroxine; EKG =Electrocardiogram; ANA =Antinuclear antibody test of common causes for fatigue and recommended screening tests are shown in the Table. Individuals with PPS often report fatigue in the same muscle groups that were initially affected by polio. along with the onset or worsening of muscle atrophy (Jubelt & Agre, 2000; Silver & Aiello, 2002) . The gradual onset of profound fatigue in a single muscle group or extremity is typical of PPS, but less likely in other disorders. The sudden onset (i.e., less than 3 months) of fatigue is not common in PPS. Older individuals often report fatigue, but global fatigue (i.e., both central and generalized fatigue) is the more typical complaint (Dinsmore, 1998) . Occupational health nurses should determine whether the fatigue is cyclic in nature because individuals with PPS have symptoms at the same time each day (Silver & 474 Aiello, 2002) . Inquiry into participating factors, duration of fatigue, recovery time, and the effect on a client's functional level also provides valuable information. A detailed description of central fatigue is also important. Difficulty with word accession, loss of focus, diminished attention span, and fatigue so debilitating as to limit decision-making warrant a detailed neurologic assessment (LeCompte, 1997).
Weakness
The most significant neurological problem in PPS is an onset of weakness that typically involves muscles injured during the acute episode of polio. New muscle groups, however, may also be- Careful questioning can determine whether the weakness is a result of cold temperatures, generalized fatigue, overuse of specific muscle groups, or muscle atrophy from limited use because of pain. Isokinetic strength evaluation is the preferred method of muscle strength testing because a reduction in muscle strength must be present before it can be reliably identified by physical examination (Thorsteinsson, 1997) . Researchers estimate that muscle strength is lost at a rate of 1% to 2% per year (Grimby, Stalberg, Sandberg, & Stibrant, 1998) .
Pain
Pain is another symptom that occurs with greater frequency in individu-als with PPS than in the general public (Ehde et aI., 2003; Halstead & Rossi, 1985; Kling, Persson, & Gardulf, 2000; LeCompte, 1997; Widar & Ahlstrom, 1998) . Any assessment of pain should include time of onset, type of pain, location, duration, and precipitating and alleviating factors. Information related to pain-inducing activities, length of time an activity can be performed before pain occurs, and the client's pain perceptions are equally important. A careful search for other causes of pain should be completed prior to assuming that any particular pain symptom is caused by PPS. The Table provides a list of the mostcommoncausesof pain to considerin the differential diagnosis and the recommended screening tests.
Other Symptoms
Other symptoms individuals with PPS frequently complain of are sleep disturbances that contribute to fatigue (Bruno, 1998) . It is essential foroccupational health nurses to determine whether symptoms indicate fatigue or daytime sleepiness. Cranial nerve weakness can result in respiratory insufficiency and contribute to fatigue (Chasens & Umlauf, 20(0). Difficulty with swallowing may occur many years following polio, but oral intake is rarely compromised and pulmonary aspiration is infrequent (Thorsteinsson, 1997) . When clinically significant aspiration is recognized in combination with worsening respiratory function, swallowing studies should be performed (Thorsteinsson, 1997) . Individuals with PPS may describe cold intolerance with a corresponding drop in muscle strength. Bruno, Johnson, and Berman (1985) studied theeffect oftemperature on muscle strength in individuals with PPS and found a drop in temperature from29.so C to 18°C resulted in a 75%reduction in muscle strength.
INTERVENTIONS
The knowledge and skill of the occupational health nurse will have a significant effect on the working life of individuals who experience PPS. When hired,these individuals maynotbe handicapped ordisabled. Recognition ofearly symptoms withappropriate interventions can prolong their work-life. Determiningwhich interventions holdthe greatest NOVEMBER 2005, VOL. 53, NO. 11 '_1'~·_""_"_·· l'l,..~,_)_",,",..,_ft'll'C linical Rounds: NP Link promise forclient improvement hasbeen difficult because of the highly subjective nature of the symptoms associated with PPS. Widar andAhlstrom (1998) found, however, that lifting, walking, and cold temperatures lead to the greatest difficulty forindividuals.
Nocureexists forPPSandtreatment is therefore directed toward symptom relief and lifestyle modification (Jubelt & Agre, 2000; Silver & Aiello, 2002; Thorsteinsson, 1997) . Workplace adaptations may be needed depending upon the muscle groups involved and type of workperformed. Individuals withsymptoms involving the lower extremities experience the greatest threat to continued employment. The occupational health nurse and individual should determine the point at which symptoms occur. In some cases, walking 150 meters, using thecomputer for 3 or morehours, or lifting a specific object morethan 10 times is enough to causesymptoms. Based on symptomatology andoccupational health nurse assessment, recommendations that allow theclient to continue activities that precede but do not causefatigue, weakness, or painareappropriate.
The types of work and shift length are important considerations if a more sedentary job or shortened work hours are needed. Adaptations to the workstation that reduce repetitive movements, permit sitting instead of standing, or improve accessibility to needed items canbeessential. Braces, crutches, wheelchairs, or other assistive devices may prevent painful overuse of muscles and jointsor prevent falls andinjuries. Before crutches or canescan be recommended, the strength and stability of the wrists, arms, and shoulders should be assessed. If assistive devices are already in use, their effectiveness should bere-evaluated. Accommodation using assistive devices is important when redesigning work areas. Seating should support muscles and jointsto prevent strain. Backandseating cushions and footrests provide support. Use of phone headsets can allow arms to be freeand minimize upperextremity, neck, and shoulder strain. It is vital for these individuals tohaveregular restperiods of at least1 hour, during times when symptoms aremosttroublesome. DUring rest periods, individuals should fully recline to lessen the strain on muscles and joints. Special parking privileges arealso essential forenergy conservation.
Participation in a non-fatiguing strengthening program may lessen symptoms in individuals with PPS who have mild to moderatesymptoms (Agre et aI., 1998; Ernstoff, Wetterqvist, Kvist, & Grimby, 1996) . The prescribed exercise program should be realistic and focused on a limited number of specific muscle groups offering the greatest potential for individual independence (Thorsteinsson, 1997) . Individuals should self-monitor for muscle cramps and aching to prevent muscle overuse and pain. Rest periods and alternating days of rest and exercise are helpful. Identifying the optimal exercise program for each individual can be both frustrating and time consuming.Oversightby the occupational health nurse in relation to exercising,teachingexhaustion prevention strategies, and directing changes in a treatment regimen is often helpful.
In some individuals, sleep apnea canresultfrombulbarmuscle weakness and require ventilatory support. Nighttime, noninvasive, positive-pressure ventilation typically provides adequate management. Tracheotomy or mechanical ventilation arerarely required (Silver & Aiello, 2002) . For those who report nocturnal muscle twitches or cramps, localized heat, warm baths prior to sleep, stretching, and pillow or wedge supports may be beneficial (Bruno, 1998) . Elimination of foods and beverages containing caffeine and alcohol, especially prior to sleep, may be helpful. Hypnotics and sedatives can result in over-sedation or hypoventilation, and theiruse should be limited.
Individuals with PPS are often angry and depressed because activities once easily performed may now cause profound fatigue and require hours or days for recovery. The support of family, coworkers, and friends can make a tremendous difference in their emotional and physical well-being. Referral to support groupscan provide much neededcomfortand understanding.
Smoking cessation should be strongly encouraged and occupational health nurses should facilitate referral to smoking cessation programs. Pneumococ-cal and annual influenza vaccinations are also recommended (Jubelt & Agre, 2(00). Assessment for earlysigns of osteoporosis is important because individu-alswithPPSareat greater thanusual risk because of musculoskeletal dysfunction (Silver & Aiello, 2(02) .A weight reductionprogram, when indicated, maylessen fatigue, improve respiratory symptoms, andincrease mobility.
Many poliosurvivors possess "Type A" personalities andcanbecharacterized as hard-driving perfectionists who may be resistant to treatment (Bruno & Frick, 1987) . Lessthan50%of individuals with PPSreport adherence to a treatment plan after seeking medical treatment (peach & Olejnik, 1991) . Twenty-eight percent refused treatment entirely (Bruno & Frick, 1987) . Creange andBruno(1997) found the nature of theType A personality-sensitivity to the acceptance of others, embarrassment related to the use of assistive devices, and reluctance to ask others for assistance-leads to greater feelings of isolation, depression, and decreased adherence. Family, mends, and coworkers also need education to facilitate their understanding and acceptance of thelifestyle changes, assistive devices, and emotional support needed by individuals withPPS.
CONCLUSION
Duringthepast3 decades, increased efforts have been made to more clearly define PPS, develop specific diagnostic tests, and design effective treatment regimens. Even so, the diagnosis remains one of exclusion, and no cure currently exists. The diagnosis of PPS can be both a blessing and a curse. Although diagnosis bringsvalidation of individual symptoms, it carries the knowledge that symptomatic improvement requires major lifestyle changes. Often the individual must learn new coping methods because treatment strategies for PPS are very different from those for polio. Diagnostic testing, framed by a history and physical examination, should detect co-morbidities or otherdisorders. A careful, reasoned approach to symptom reduction can improve quality of life.
